Introduction
regions, used as a medicinal plant with healthy properties like its powerful anti
Preparation of plant leaves
(Murcia, Spain). A kitchen-type knife mill was employed to carry out grinding of the 144 leaves. The mill was adapted so as to break up the row material under cryogenic 145 conditions (using carbon dioxide). The particle size distribution was determined with 146 a vibratory sieve shaker. Sieves were selected in order to have high yield in the 147 grinding process (>85%). Particle size obtained was in the range of 500 to 1000 µm. 148
The samples were stored at -20ºC until use. 149
Supercritical extraction method 150
Extractions were carried out in a pilot-plant scale supercritical fluid extractor (Thar 151
Technology, Pittsburgh, PA, USA, model SF2000) comprising a 2 L cylinder 152 extraction cell and two different separators (S1 and S2), each of 0.5 L capacity, with 153 independent control of temperature and pressure. The extraction vessel has a 154 height/diameter ratio of 5.5 (0.42 m height, 0.076 m internal diameter). A detail 155 explanation of the experimental device can be found elsewhere [34] . 156
For each experiment, the cell was filled with 0.6 kg of plant raw material. The 157 extractions were performed at a pressure constant of 30 MPa. Fractionation of the 158 extract was accomplished maintaining S1 at 10 MPa and S2 at ambient pressure (0.1 159 MPa). Extraction and fractionation temperature was set to be 313 K in all 160 experimental assays. Further, CO 2 flow rate was set to 2.4 kg/h in all experiments 161 (CO 2 /plant = 20 kg/kg). For each plant variety extractions were carried out by 162 duplicate, but only in the first assay samples were collected from both separators at 163 intervals of 1.5 h during 4.5 h. The second assay was employed to estimate the 164 uncertainties in the global extraction yields, which were lower than 13.2 % of the 165 mass collected in S1 and 5.6 % of the mass collected in S2.
The samples recovered in S1 were solid and pasty. Fractions collected in S2 were also 167 solid, but oily appearance. In this separator, after the first interval of time (1.5 h of 168 extraction) a small amount of an aqueous fraction was also observed. This fraction 169 was separated from the solid material and was not considered in the analysis. The 170 solid fractions obtained in S1 and S2 were recuperated and placed in vials. In order to 171 ensure an accurate determination of extraction yield with time, separators were 172 washed with ethanol and the residual material recovered in each case was mixed with 173 the corresponding solid fraction. Ethanol was eliminated by evaporation (35C) and 174 then, homogeneous solid samples were obtained and kept under N 2 at -20°C in the 175 dark until analysis. 176
HPLC analysis 177
In order to quantify the carnosic acid content in the rosemary extracts, samples were 178 Table 1 show the amounts of material recovered in each separator (S1 and S2) during 215 the global yields (S1 + S2) obtained for the different raw materials as a function of 218 extraction time. As can be deduced from the figure, sage and oregano were 219 completely extracted, with an estimated optimal extraction time of 1.76 h (see Figure  220 1). But in the case of rosemary and thyme, none of these plant materials were 221 completely exhausted during the 4.5 h of extraction. Moreover, very similar kinetic 222 behavior resulted for sage and oregano, so as for thyme and rosemary. Considering 223 the first period of time (t1: 0 -1.5 h) it was estimated a removal velocity of around 224 0.004 g extract / g CO 2 in the case of sage and oregano, and almost half of this value 225 in the case of rosemary and thyme. 226
With respect to the fractionation of the extracted material, the performance is quite 227 different considering the diverse plants studied (see Table 1 ). In the case of oregano, 228 the amount of material recovered in S2 is almost half the amount recovered in S1. Just 229 the opposite behavior is observed for sage and thyme, while in the case of rosemary 230 extraction similar amounts of extract were recovered in both S1 and S2. 231
Despite the distinct fractionation behavior observed that definitely should be 232 attributed to the different substances that compose the extracts (extraction and 233 fractionation conditions were kept exactly the same), it is expected that the essential 234 oil compounds were selectively recovered in S2 separator for the four plant materials 235 studied. 236
The extraction yields and fractionation behavior observed in this work compare well 237 with data available in the literature. Further, considering the high pressure applied in the extraction, the N-II compound 284 could be related with a high molecular weight paraffin-type compound (waxes) [13] . 285
As expected, a concentration of the volatile oil compounds is selectively produced in 286 S2 for oregano, sage and thyme. The ratio between the total area quantified in S2 and 287 the total area quantified in S1 (S2/S1) is, respectively, 9.7, 3.4 and 14.2 for oregano, 288 sage and thyme (see Tables 2 to 4 The concentrations (% weight) of some key components with recognized biological 312 activity were also determined and are given in Table 5 : thymol in oregano and thyme 313 extracts, camphor in sage, and carnosic acid in rosemary. The concentration (% wt) reported in Table 5 in our work present concentrations from 1.8 to 19 % wt, with an overall content (S1 + 346 S2) of 9.9 % wt. 347
A comparison of the content of some volatile oil compounds identified in oregano, 348 sage and thyme is presented in Table 6 . Total areas determined by GC-MS analysis 349 for these key compounds allowed calculating their relative amount in the different 350 plant extracts. The oregano/thyme and sage/thyme ratios given in Table 6 
